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[Name of invention] Phosphor material and the manufacturing method 



(57) 

[Summary] 
[Subject] 

It is to provide the phosphor material, which shall have 
a homogeneous composition of the obtained deposition 
film which is chemically and physically stable which 
shall create only a small age-based change, which shall 
have optional emission colors from red-orange to 
yellow, and also to provide the manufacturing method 
of such phosphor material. 

[Solving method] 
[Ka-1] 

Zn !_ x Mg x S : zMn 

(0.05 ^ 0.32,0 <z<0.01) 



It is a phosphor material, which is indicated in the 
above formula in which the Mn makes the main 
emission. 



[Range of the patent claim] 
[Claim 1] 

Zn ,_ x Mg x S : zMn 

(0.05 ^ x§ 0.32,0 <z< 0.01) 

It is a phosphor material, which is indicated in the 
above formula which the main emission is made by the 
Mn. 

[Claim 2] 

It is a target or a pellet for deposition that shall have the 
composition said in Claim 1 . 

[Claim 3] 

It is a phosphor material for illumination, paint and 
printing, which shall have the composition said in 
Claim 1. 

[Claim 4] 

It is a manufacturing method of the phosphor material 
which is fired at a hydrogen sulfate atmosphere after 
mixing each powder of a zinc compound, magnesium 
compound and manganese compound. 

[ClaimS] 

It is a manufacturing method of the phosphor material 
which is to mix and crush zinc sulfate, manganese 
sulfate and sulfur, then such mixture shall be molded, 
and the primary firing for 1 to 2 hours at 900 to 1 100 
°C by speeding the temperature up at 5 to 20 °C / min. 
in the inert gas atmosphere shall be applied, then such 
mold shall be crushed and magnesium sulfate and sulfur 
will be added, then shall they should be mixed and 
crushed, then such mixture shall be molded, and the 
second firing for 2 to 4 hours at 1000 to 1200 °C by 
speeding the temperature up at 5 to 20 °C / min. in the 
inert gas atmosphere shall be applied. 

[Detailed explanations of the invention] 
[0001] 

[Technical field, which this invention is belonging] 
This invention is concerning the phosphor material 
which shall emit by applying heat, light, electron beam, 
X-ray and electric field and the manufacturing method 
of such phosphor material, especially concerning such 
phosphor material which is used for a deposition target 
and pellet of the thin film EL and the manufacturing 
method of such phosphor material. 

[0002] 

[Existing technique] 

Currently, the sulfuric phosphor, which manganese is 
doped to the zinc sulfate (ZnS : Mn), which is made by 



the slow electron beam and the ultraviolet excitation, is 
widely used as a phosphor for a thin film EL. 

[0003] 

However, although the ZnS : Mn has a high emission 
luminance, the emission color is red-orange, and the 
kind of color that can be displayed is limited. Also, 
even if a color filter is used to expand the range of 
colors, the emission luminance shall dramatically 
decrease. 

[0004] 

For example, concerning the TOKUKAMEI 8-31571 
public patent report, an EL display panel which shall 
use Zn MgS : Mn that is a yellow phosphor as an 
emission layer, and a color filter which is used in order 
to expand the range of colors, is reported. Also, as to 
the implementation example of the said patent report, 
concerning the evaporation source, it uses a formed 
material which is made by a simple physical mixture of 
ZnS : Mn powder and MgS powder which is 
fundamentally different from the sintered body that is 
the form style of this invention, and because the 
evaporation pressure between ZnS : Mn and MgS at the 
temperature when performing deposition is different, 
the composition of the pellet shall change when time 
goes while performing deposition which may not be 
able to perform such deposition with a stable 
composition. 

[0005] 

Also, the chemically and the physically stable quality 
with not much age-based change shall be required in 
the pellet for deposition, however, if the formed 
material is made by a simple physical mixture of the 
ZnS : Mn powder and the MgS powder, it is chemically 
unstable and there is a possibility of not being able to 
maintain the stable condition of the pellet for 
deposition. Further, because the MgS generates Mg S 
04 by absorbing oxygen and releases the oxygen when 
deposition is performed, the method has a tendency of 
not being able to generate a film with a high purity. 

[0006] 

Also, as to the manufacturing method of the phosphor 
material, for example, the TOKUKOUHEI 5-17170 
public patent report is showing the method to create a 
pellet for deposition at the inert gas atmosphere at least 
using one of magnesium chloride, hydroxide or nitrate. 
However, this manufacturing method shall not 
complete sulfuration, which creates a sulfur defect 
easily on the film that is formed by the pellet for 
deposition, and there is a problem that the luminance of 
the thin film EL phosphor shall decrease. Also, this 
manufacturing method uses the chloride of each metal 
as a flux in order to improve the density, however, the 



chloride such as halogen has a tendency to create a 
color center when making a thin film EL which shall 
make the color purity extremely low. 

[0007] 

Also, the TOKUKAISHO 58-208135 public patent 
report concerning the method of how to create a 
deposition target at the inert gas atmosphere by adding 
at least one of magnesium chloride, hydroxide or 
nitrate. However, this manufacturing method which is 
shown in the said patent report shall have the same 
problem as the abovementioned KOKUKOUHEI 5- 
17170. 

[0008] 

Further, as to the TOKUKAISHO 63-995, such method 
of using one of MgS, CaS, SrS or BaS and : ZnS to 
create a pellet for deposition is shown. However, this 
pellet for deposition is made by simply finning the 
physical mixture of MgS, CaS, SrS or BaS with ZnS. 
Such powder mixture is not able to create a stable 
composition, because of the ZnS and MgS, CaS SrS or 
BaS, which shall have a different evaporation pressure, 
so that depending on the temperature of when 
deposition is performed, the change of the pellet 
composition occurs with time, and then the stable 
composition can not be created. Also, although the 
chemically and physically stable quality with less age- 
based changes, and easy handling are required for the 
pellet for deposition, simple physical mixture with 
MgS, CaS, SrS or BaS shall make the pellet chemically 
unstable and it would be difficult to maintain the stable 
condition. 

[0009] 

This invention is made in order to improve such 
abovementioned existing technique, and the purpose of 
the invention is to provide the phosphor material which 
shall have a homogeneous composition of the obtained 
deposition film which is chemically and physically 
stable which shall create only a small age-based 
change, and also have optional emission colors from 
red-orange to yellow, and also to provide the 
manufacturing method of such phosphor material. 

[0010] 

[The method of how to solve the problem] 
Therefore, this invention is indicated as follows: 

[0011] 
[Ka-2] 

Zn i_ x Mg x S : zMn 
(0.05^x^0.32, 0<z<0.01) 



It is a phosphor material, which is indicated in the 
above formula in which the Mn makes the main 
emission. 
[0012] 

It is a primary manufacturing method of the phosphor 
material which is fired at a hydrogen sulfate atmosphere 
after mixing each powder of a zinc compound, 
magnesium compound and manganese compound. 

[0013] 

It is a secondary manufacturing method of the phosphor 
material which is to mix and crush zinc sulfate, 
manganese sulfate and sulfur, then such mixture shall 
be molded, and the primary firing for 1 to 2 hours at 
900 to 1 100 °C by speeding the temperature up at 5 to 
20 °C / min. in the inert gas atmosphere shall be 
applied, then such mold shall be crushed and shall 
magnesium sulfate and sulfur will be added, then mixed 
and crushed, then such mixture shall be molded, and the 
second firing for 2 to 4 hours at 1000 to 1200 °C by 
speeding the temperature up at 5 to 20 °C / min. in the 
inert gas atmosphere shall be applied. 

[0014] 

[Implementation method of the invention] 
The phosphor material of this invention features the 
change of the emission color by substituting the Zn of 
the ZnS : Mn which is a red-orange phosphor with the 
suitable amount of Mg. Also, the light color can be 
changed voluntarily between red-orange and yellow by 
changing the amount of Mg which means to change the 
value of x. Further, because this method shall not 
require the color filter, a dramatic decrease of the 
emission luminance shall not occur. 

[0015] 

The primary manufacturing method of the phosphor 
material of the invention features the use of the solidus 
reaction method using the powder mixture as the raw 
material. 

[0016] 

In detail, each powder of the zinc sulfate, the 
magnesium sulfate and the manganese sulfate shall be 
mixed as a voluntary composition, and they shall be 
molded to make a voluntary shape. After that, this 
molded material shall be fired within the hydrogen 
sulfate atmosphere. This molding pressure shall 
preferably be at least 300 kgf / cm2. This is in order to 
make the reaction ability higher, and if the pressure is 
less than the said amount, the reaction ability is not 
sufficient. Also, the speed, in which to bring the 
temperature up, is not limited. The firing temperature 
shall be 1000 to 1200 °C which shall preferably be 
maintained for 2 to 4 hours. 



[0017] 

The abovementioned manufacturing method shall use 
sulfate as a raw material, however, it is possible to use 
other compounds such as oxide, etc. which shall obtain 
the same result. This is probably because the oxide is 
changing to sulfide by sulfurating when firing is 
performed. 

[0018] 

According to the phosphor material of this invention, x 
is 0.05 < = x < = 0.32, and z is 0 < z < 0.0 1 . The reason 
the x value is more than 0.05 is to change the emission 
colors. If the number is smaller than this, the emission 
color shall not change which would be same as the red- 
orange color of ZnS : Mn, and the additional effect 
shall not appear. The reason for making it less than 0.32 
is because the ordinary pressure shall not be able to 
obtain an even shape. Furthermore, even if the x value 
increases, it shall not create an even shape, but it shall 
become a mixture of Zn 0.68 Mg 0.32 S : Mn and MgS 
which shall not be able to obtain the composition that is 
desired to have. Also, the reason that the z value is 
made more than 0, it is because in order for Mn to emit, 
there must be an emission source. Also, the reason that 
the number is less than 0.01 is because even if a higher 
amount is used, it would create a concentration 
quenching which makes the emission luminance low. 

[0019] 

Such phosphor material, which shall be made by these 
manufacturing methods, shall have good processing 
power due to the ability to obtain a voluntary shape by 
molding before firing. Also, because the solid reaction 
of the powder material is used which makes the 
productivity quite high, and only by changing the ratio 
of the raw powder, will the composition be easily 
controlled. As mentioned, this invention shall have an 
extremely large effect on the productivity, and also the 
manufacturing method is easy. 

[0020] 

Also, the secondary manufacturing method of the 
phosphor material of the invention is to add sulfur 
powder to the phosphor manufacturing raw material 
within the inert gas atmosphere, and then to perform 
firing by dividing into 2 stages. Therefore, zinc sulfate, 
manganese sulfate and sulfur is mixed by the 
designated composition, and a voluntary shape shall be 
created by molding after crushing. After that, by 
speeding the temperature up to the designated heating 
speed, the primary firing shall be performed 
maintaining the temperature for the designated time. 
Next, such mold shall be crushed after applying the 
primary firing, and then after the designated amount of 
the magnesium sulfate and the sulfur is mixed and then 
crushed, it shall be molded again to make a voluntary 



shape. After that, by speeding the temperature up to the 
designated heating speed, the secondary firing shall be 
performed maintaining the temperature for the 
designated time. 

[0021] 

Addition amounts of the sulfur powder to the phosphor 
manufacturing raw material shall preferably at least 4 
weight % of the total amount. If it is less than 4 weight 
%, the sulfur shall evaporate during firing, so that the 
sulfur shall not dissolve into a solid material 
excessively within ZnS : Mn. 

[0022] 

After performing the above, after mixing and crushing 
the powder sufficiently, it shall be molded to make a 
pellet. The molding pressure shall preferably be more 
than 300 kgf / cm2. This is in order to make the 
reaction ability higher, and if the pressure is less than 
the said amount, the reaction ability is not sufficient. 

[0023] 

Next, the pellet shall be fired (the primary firing) within 
the inert gas atmosphere such as using algon. The 
heating speed for the primary firing is preferably 5-20 
°C / min. If the speed is less than 5 °C, almost all 
sulfur powder shall evaporate before the reaction starts 
which shall create a sulfur defect, and if it's more than 
20 °C, the loads against the device shall become large. 
The preferred temperature of the primary firing is 900 
to 1 100 °C and shall maintain for 2 hours. It shall solid 
dissolve sulfur excessively in the ZnS : Mn by this 
range of temperature and the time. 

[0024] 

The fired pellet shall be crushed into powder again. 
After that, magnesium sulfate is added to the 
composition and then sulfur powder shall be added. 
Additional amounts of the sulfur powder to the 
phosphor manufacturing raw material shall preferably 
be at least 1 weight % against the total amount. If it is 
less than 1 weight %, the sulfur shall evaporate during 
firing, and generates magnesium oxide. Such mixture 
powder shall be crushed and mixed well, and a 
voluntary shape shall be created by molding. The 
molding pressure shall preferably be high which shall 
be at least 300 kgf / cm2. This is also in order to make 
the reaction ability high. 

[0025] 

Next, the mold shall be fired (the secondary firing) 
within the inert gas atmosphere such as using algon. 
The heating speed for the secondary firing is preferably 
5 - 20 °C / min. If the speed is less than 5 °C, almost 
all sulfur powder shall evaporate before the reaction 
starts which shall create a sulfur defect, and if it's more 



than 20 °C, the loads against the device shall become 
large. The preferred temperature of the secondary 
firing is 1000 to 1200 °C and shall maintain for 2 to 4 
hours. It shall solid dissolve sulfur excessively in the 
ZnS : Mn by this range of temperature and the time, and 
also sintered density shall be improved as well. 

[0026] 

The secondary manufacturing method of the phosphor 
material of the invention shall control the magnesium 
sulfate becoming the magnesium oxide by applying 
firing in 2 steps. This magnesium has an extremely 
high melting point compared to the magnesium sulfate, 
once it is generated, even if it is placed near 1000 °C 
atmosphere, it shall remain stable as a magnesium 
oxide. When using a pellet with such a high melting 
point, such a compound with a high melting point shall 
only remain without evaporating, and it shall be 
concentrated and increasing the size. Then such a large 
size grain shall be flicked out by the electron beam or 
plasma, and when it enters into the film, it may create 
abnormal deposition which may create a wiring defect. 
It is very important to keep magnesium sulfate without 
oxidizing. 

[0027] 

The oxidizing of magnesium sulfate is depending on the 
size of oxygen potential division within the firing 
atmosphere, and because the magnesium oxide is a very 
stable compound, it is a very easy to create an oxidizing 
reaction when very small quantity of oxygen exists 
even within the algon atmosphere. Therefore, in order 
to make the oxygen potential division low, balancing 
the sulfur and oxygen, the conditions of low oxygen 
potential division shall be made. However, it shall have 
almost no effect when simply mixing the sulfur powder 
to make sulfur potential division high. This is because 
the boiling point of the sulfur is extremely low 
compared to the firing temperature, and by the time it 
reaches the firing temperature level, almost all sulfur 
shall be evaporated which creates a problem to maintain 
the low oxygen potential division, and as a result, 
magnesium sulfate shall start oxidizing. 

[0028] 

In this invention, by performing the firing in 2 stages, it 
prevents oxidizing. Firstly, the zinc sulfate and 
manganese sulfate shall react to create ZnS : Mn, and 
exceeding sulfur shall be solid dissolved into the ZnS : 
Mn. The ZnS : Mn is easy to make sulfur solid 
dissolved excessively. Using this ZnS : Mn, after 
mixing magnesium sulfate, firing shall be applied again 
in the algon atmosphere. Then even if the sulfur 
powder is evaporated, because the ones in the ZnS : Mn 
shall only be gradually evaporated, even in a high 
temperature atmosphere, there would be some parts 



where sulfur potential division shall be maintained 
which corresponds to the maintaining of the low 
oxygen potential division. By this, magnesium sulfate 
shall have a solidus reaction without oxidizing which 
makes magnesium to solid dissolve into the main 
material. The reason sulfur powder is added when 
firing is because of performing such solid dissolving of 
excessive sulfur completely. 

[0029] 

The pellet, which is obtained by the abovementioned 
method, shall improve the density by the effect of 
adding the sulfur. From the manufacturing method of 
the invention, at least 70% of the sintered body shall be 
obtained by the relative density. When forming using 
the pellet for deposition, films with even quality shall 
be obtained. This is because when using a high density 
pellet for deposition, the heat transfer will occur even 
when performing deposition which makes the 
evaporation effective. However, the pellet with less 
than the density of 70% shall not be able to make a film 
with an even quality so easily, and also, cracking occurs 
when performing deposition by a heat impulse. When 
fonriing using such pellet for deposition, films with 
high luminance shall be obtained. This is because when 
firing is divided into 2 steps, the Mn element shall be 
well spread which makes the luminance high. 

[0030] 

The manufacturing method of this invention is entails 
the firing divided into 2 steps, and the magnesium 
sulfate shall solid dissolve without oxidizing which is 
very simple as a method, and also shall have high 
productivity. Also, the density is improved by the 
liquid sintering from adding the sulfur, and the 
characteristics of the pellet for deposition shall also be 
improved. 

[0031] 

Herebelow, the invention shall be explained in 
accordance with the implementation examples in detail. 

Implementation example 1 

The magnesium (on the market, purity 99.9%) is added 
to the zinc sulfate (on the market, purity 99.9%) to 
make 5, 10, 20, 30 and 40 mol%, then manganese 
sulfate (on the market, purity 99.9%) is added to make 
0.15 at% of the total trial material, then they are mixed 
and crushed, and press-molded at 300 kg / cm2 which 
are then sintered in the hydrogen sulfate atmosphere of 
1050 °C for 2 hours, and each of them shall obtain a 
sintered body of the density of 2.5g/ m3. 

[0032] 

These compositions are shown below. 



(1) 5 mol% :Zn0.95 Mg 0.5 S : Mn 

(2) 10mol% :Zn0.90 Mg 0.10 S : Mn 

(3) 20 mol% : Zn 0.80 Mg 0.20 S : Mn 

(4) mol% : Zn 0.70 Mg 0.30 S : Mn 

(5) mol% : Zn 0.68 Mg 0.32 S : Mn + MgS 

Implementation example 2 

The zinc sulfate and the magnesium oxide are added to 
make the value 10 mol%, then manganese oxide is 
added to make 0.15 at% of the total trial material, then 
they are mixed and crushed, and press-molded at 300 
kg / cm2 which are then sintered in the hydrogen sulfate 
atmosphere of 1050 °C for 2 hours, and each of them 
shall obtain a sintered body of the density of 2.5g / m3. 
The composition of the sintered body is Zn 0.90 Mg 
0.10 S:Mn. 



[0035] 
[Table 1] 



[0033] 

Comparative example 1 

The manganese sulfate is added to the zinc sulfate to 
make 0.15 at% of the total trial material, then they are 
mixed and crushed, and press-molded at 300 kg / cm2 
which are then sintered in the hydrogen sulfate 
atmosphere of 1050 °C for 2 hours, and each of them 
shall obtain a sintered body of the density of 2.5g / m3. 
The composition of the sintered body is ZnS : Mn. 

[0034] 

The X-ray diffraction analysis shall be made for the 
phosphor material which is created at the 
implementation example 1 and 2, and the comparative 
example 1, and measured the peak wavelength of the 
emission spectrum by the ultraviolet excitation. The 
result of the emission spectrum is shown in Table 1 . 



Implementation & 

comparative 

examples 


Implementation examples 1 


Implementation 
example 2 


Comparative 
example 1 


Amount of Mg 
added (mol%) 


5 


10 


20 


30 


40 


10 


0 


Peak wavelength 
of the emission 
spectrum (nm) 


580 


578 


575 


572 


570 


578 


585 



One example (Zn 1 - x Mg x S : Mn, x = 0.1) of the 
emission spectrum of compounded sintered body using 
the method which is indicated in implementation 1 shall 
be shown in Figure 1 . 

[0036] 

The peak wavelength of the example was 578 nm. 
Also, the chart diagram of the X-ray diffraction of the 
sintered body shall be shown in Figure 2. The obtained 
peak is the Lutz style structure which is a ZnS high 
temperature style structure. Also, there was no peak of 
the impurities in this sintered body, and the single shape 
was evenly created. 

[0037] 

The comparison of X-ray diffraction of when x = 0.3 
and 0.4 of the implementation example 1 is shown in 
Figure 3. The peak of when x = 0.3 was also the Lutz 
style structure of ZnS. However, the peak of when x = 
0.4 was beside the Lutz peak, and there was another 
peak of MgS, and this sintered body was a mixture. 
From the result of sintered body analysis, Zn 1 - x Mg 
x S : Mn is x = 0.32, Zn 0.68 Mg 0.32 S : Mn. By this, 
the solid solution limit of Zn 1 - x Mg x S : Mn was x 



0.32 at the normal pressure, and it is understood that it 
is impossible to create anything more than 0.32. 
[0038] 

The peak wavelength of the emission spectrum of 
composed sintered body (ZnS :Mn), which is composed 
following the method of the comparative example 1, 
was 585 nm (see Table 1). The relation between the 
peak wavelength of the implementation examples 1 and 
the comparative example 1 and mixed magnesium is 
shown in Figure 4. When adding magnesium gradually, 
the peak wavelength changes. By using this fact, it is 
possible to create a sintered body which the emission 
color is changed voluntarily from the red-orange color 
to the yellow color. 

[0039] 

The peak wavelength of the sintered body which is 
composed by the method which is shown in 
implementation example 2 ( x = 0.1) and the peak 
wavelength are compared (Table 1). Also, the X-ray 
diffraction chart for both shall be shown in Figure 5. 
The peak wavelength of both was 578 nm, and also the 
X-ray diffraction peak was completely the same. From 
this result, it is found that the compound which is used 
as the raw material shall not require sulfuric material. 



[0040] 

Test example 

The age-based weight changes of the deposition 
material (sintered body) which is obtained by the 
implementation example 1 and the deposition material 
which is made by the mixture of Zn S : Mn and MgS 
which is mentioned in the HEI 8-31571 public patent 
report are measured. The result is shown in Figure 6. 

[0041] 

From the result of Figure 6, it is clearly seen that the 
deposition material of this invention is chemically 
stable and has less age- based changes in the weight. 

[0042] 

Implementation example 3 

The manganese sulfate (on the market, purity 99.9%) is 
added to the zinc sulfate (on the market, purity 99.9%) 
to make 0.15 at% against the total trial material, then 
sulfur powder ( on the market, purity 99.9999%) is 
added to 4wt% of the total amount. And the powder is 
mixed and crushed, and press-molded at 300 kg / cm2. 
Next, it was heated up at the speed of 10 °C / min to 
obtain the temperature of 1050 °C, then fired in the 
algon atmosphere for 2 hours. After that, the mold was 
crushed and made into powder again. The magnesium 
sulfate (on the market, purity 99.9%) is added to the 
powder to make it 10 mol%, then sulfur powder is 
added to lwt% of the total amount. And the powder is 
mixed and crushed, and press-molded at 300 kg / cm2. 
Next, it was heated up at the speed of 10 °C / min to 
obtain the temperature of 1 100 °C, then fired in the 
algon atmosphere for 4 hours. After that, the sintered 
body of the relative density of 71% shall be made. 

[0043] 

The composition of the sintered body which is obtained 
as stated was Zn 0.90 Mg 0.10 S : Mn (Mn is 0.15 at%). 

[0044] 

Comparative example 2 

The magnesium sulfate (on the market, purity 99.9%) is 
added to the zinc sulfate (on the market, purity 99.9%) 
to make 10 mol%, manganese sulfate (on the market, 
99.9%) is added to make 0.15 at%, then sulfur powder 
is added to 4wt% of the total amount. And the powder 
is mixed and crushed, and press-molded at 300 kg / 
cm2. Next, it was heated up at the speed of 10 °C / min 
to obtain the temperature of 1 100 °C, then fired in the 
algon atmosphere for 4 hours. After that, the sintered 
body of the relative density of 70% shall be made. The 
composition of the sintered body was Zn 0.94Mg 0.06 
S : Mn (Mn is 0.15 at%) + MgO. 



[0045] 

The X-ray diffraction chart diagram of the sintered 
body which is obtained from the implementation 
example 3 and the comparative example 2 is shown in 
Figure 7. The implementation example 3 indicates a 
Lutz style structure which is a high temperature 
structure. There were no other impurity peaks. The 
comparative example 2 shows the impurities peak of 
MgO. This is probably because part of the magnesium 
sulfate became a magnesium oxide by oxidation. From 
the analysis, the amount of the magnesium in the Zn 
MgS : Mn is 6 mol%. 

[0046] 

Comparative example 3 
Implementation example 3 

The manganese sulfate (on the market, purity 99.9%) is 
added to the zinc sulfate (on the market, purity 99.9%) 
to make 0.15 at% against the total trial material, then 
sulfur powder is added to 4wt% of the total amount. 
And the powder is mixed and crushed, and press- 
molded at 300 kg / cm2. Next, it was heated up at the 
speed of 3 °C / min to obtain the temperature of 1050 
°C, then fired in the algon atmosphere for 2 hours. 
After that, the mold was crushed and made into powder 
again. The magnesium sulfate (on the market, purity 
99.9%) is added to the powder to make it 10 mol%, 
then sulfur powder is added to 1 wt% of the total 
amount. And the powder is mixed and crushed, and 
press-molded at 300 kg / cm2. Next, it was heated up at 
the speed of 3 °C / min to obtain the temperature of 
1 100 °C, then fired in the algon atmosphere for 4 hours. 
After that, the sintered body of the relative density of 
70% shall be made. The composition of the sintered 
body was Zn 0.92Mg 0.08 S : Mn (Mn is 0.15 at%) + 
MgO. 

[0047] 

The X-ray diffraction chart diagram of the sintered 
body which is obtained from the implementation 
example 3 and the comparative example 3 is shown in 
Figure 8. As stated there was no peak of MgO in the 
implementation example 3, but this showed a peak. 
From the analysis result, the amount of magnesium in 
Zn MgS : Mn is 8 mol%. Next, the comparison of the 
emission spectrum by the ultraviolet excitation of 
sintered body which is obtained from the 
implementation example 3 and the comparative 
example 3 is shown in Figure 9. Although another peak 
besides the emission peak is recognized near 500 nm in 
the comparative example 3, there is no such peak in the 
implementation example 3. This peak is considered to 
be the color center which is created by the sulfur defect. 
The heating speed of this invention is 5 - 20 °C / min. 



[0048] 

The phosphor material which is obtained by the 
invention shall have less age-based changes, is 
chemically and physically stable, shall be deposition 
film with less impurities, the film composition of the 
deposition film evenly, and have the ability to change 
the emission colors from red-orange to yellow without 
remarkably lowering the emission luminance. The 
manufacturing method of this invention is entails firing 
divided into 2 steps, the magnesium sulfate shall solid 
dissolve without oxidizing which is very simple as a 
method, and also shall have a high productivity. Also, 
the density is improved by the liquid sintering from 
adding the sulfur, and the characteristics of the pellet 
for deposition shall also be improved. 

[Simple explanation of the figures] 
[Figure 1] 

Diagram indicating the emission spectrum of the 
sintered body of x = 0. 1 and 10 mol% of the 
magnesium is added to the implementation example 1. 

[Figure 2] 

X-ray diffraction chart when x = 0.1, magnesium 10 
mol% is added to the implementation example 1. 

[Figure 3] 

X-ray diffraction chart of each sintered body, 
magnesium 30 mol% and 40 mol% is added regarding 
the implementation example 1. 

[Figure 4] 

Diagram to indicate the relation between the peak 
wavelength and the amount of the magnesium of the 
implementation example 1 and the comparative 
example 1. 

[Figure 5] 

X-ray diffraction chart of the implementation example 
1 and the implementation example 2. 

[Figure 6] 

Diagram to indicate the age-based weight change of 
each deposition material. 

[Figure 7] 

X-ray diffraction chart of the sintered body of the 
implementation example 3 and the comparative 
example 2. 

[Figure 8] 

X-ray diffraction chart of the sintered body of the 
implementation example 3 and the comparative 
example 3. 



[Figure 9] 

Emission spectrum of the sintered body of the 
implementation example 3 and the comparative 
example 2. 
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[Figure 1] 

Y-axis: Emission intensity 
X-axis: Emission wavelength / nra 

[Figure 2] 

Y-axis: Peak intensity 
X-axis: 29 

[Figure 3] 

Y-axis: Peak intensity 
X-axis: 20 



[Figure 4] 

Y-axis: Peak wavelength / nra 
X-axis: Mg amount / mol% 

[Figure 5] 

Y-axis: Peak intensity 
X-axis: 20 

Implementation example 2 (upper line in the figure) 
Implementation example 1 (lower line in the figure) 

[Figure 6] 

Y-axis: Weight change 

X-axis: Leaving time (hours) 

O: Deposition material of this invention 

X: Deposition material from the mixture of ZnS : Mn 

and MgS 
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[Figure 7] 

Y-axis: Peak intensity 
X-axis: 29 

Comparative example 1 (upper line in the figure) 
Implementation example 1 (lower line in the figure) 

[Figure 8] 

Y-axis: Peak intensity 
X-axis: 26 

Comparative example 2 (upper line in the figure) 
Implementation example 1 (lower line in the figure) 

[Figure 9] 

Y-axis: Emission intensity 

X-axis: Wavelength / nm 

Comparative example 2 (upper line in the figure) 

Implementation example 1 (lower line in the figure) 
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